Functionalized silica hybrid materials are extensively studied and applied materials in the field of science and technology. Functionalization is an approach, which allows for the application of organic components in the improvement of the design, properties and potential application of silicate materials. Silica hybrid materials, functionalized via incorporation of organic components (chitosan and methacrylic acid) were synthesized by the sol-gel method. The base silica structure of the hybrids was obtained via hydrolysis and condensation of the silicate precursor, tetraethyl orthosilicate. The investigations of synthesized hybrids are focused on the influence of the nature and quantity of functional organic components on their final structures and properties. The structural characteristics of obtained hybrid materials were investigated using XRD, FTIR, SEM and DTA/TG analysis. The obtained results presented the formation of amorphous porous structure and the organic components are evenly distributed into the silica network. The functional radicals of chitosan and methacrylic acid (amine, hydroxyl groups) exist in the hybrid structure as free reactive centers, as their quantity increases with increasing the organic amount. The swelling behavior in acidic and neutral solutions of the synthesized materials is investigated and the results presented, that the silicate materials exhibit hydrophilic character.
Introduction
Science and technology leads to the improvement of materials, which are able to cater for present and pressing needs. Hybrid materials play an important role for this purpose due to the possibility of combining suitable properties in one structure. These materials should cover the application requirements, as well as be accessible, reusable and cost-effective [1] [2] .
Synthesis of hybrid materials with diverse properties can be achieved via a modification of inorganic structure with organic components. The proposed system can combine inorganic stability and durability with plasticity and specific properties normally associated with organic materials. Functionalization of the inorganic structure is an approach, which allows for obtaining hybrid materials with improved behavior and application [3] [4] . Functional hybrids can successfully be applied in any field, which requires contact interactions on the surface (environmental remediation, immobilization of biomolecules, etc.) [5] - [7] .
Important determinants in the development of functional hybrids are the preparation technique(s) and precursor material behavior. Requirements such as low-cost, easy preparation and accessible equipment also reduce the variety of synthesis routes. One route, which covers all of the above requirements, is that of sol-gel synthesis. This technique allows preparation of different compositions, independently of the state (amorphous, crystal), which is required, as well as controlling each step of the process [8] . Most of the materials, whose structures can easily be modified with different functional radical, and prepared via sol-gel synthesis, are silicates [9] [10] .
The silicates are inorganic components, which can easily be transformed from precursor into monolith, porous, thin film or coating material. Silica materials possess high thermal resilience and can withstand high pressures and external aggressive materials and media [11] [12] . Regardless of the silica stability their application is limited, due to reduce pollutant reactivity and degradability. Therefore, a combination with suitable organic components serves as a great opportunity to improve the plasticity and stability of the silica structure, and to improve contact behavior with external moieties [13] .
Acrylates are synthetic organic components known as good film formers, with high mechanical stability [14] [15] . In polymerized form, acrylates have been proven to be excellent protective materials, but limitations such as poor water and temperature resistance reduces their potential applications. Combinations of acrylate with silica components allow for the formation of hybrids with improved long-term stability and durability [16] . The application of these hybrid materials is connected to the free reactive groups of the acrylate. Acrylates with long chain structures or further polymerization have fewer free reactive centers and a consequently reduced potential application. Furthermore, the hydrophilicity also decreases when the acrylate chain is longer and this causes an unfavorable effect on possible interactions with external molecules [17] . Methacrylic acid is a suitable acrylate which in combination with silica material will lead to the realization of a hybrid with improved stability, resistance and available functional groups. The structure of this organic material contains carboxylic group, which can be dissociated into C 3 H 5 COO − anion and H + cation. In addition the carboxyl groups can easily interact with amine functionalized biomolecules for immobilization purposes or cationic pollutants (heavy metals). Addition of MA into silica network leads to the formation of a hybrid with improved functionality and hydrophilicity [18] [19] . Nevertheless the variety of high functionalized centers is limited due to the dissociation possibility of carboxylic groups in different media, as well as contact only with cationic molecules [20] [21] . Preparation of silica hybrid material with improved functionalized surface and the ability to interact with different types of external molecules can be obtained with a combination of another organic component [22] .
Natural organic components are suitable materials, due to their biocompatibility, degradability, non-toxicity and abundance. The investigations focused on preparation of functional materials for environmental or immobilization purposes established that the existence of free amine groups play an important role in interactions with external moieties like waste water pollutants or biomolecules. One of the most abundant natural organic materials is chitosan, whose structure contains free amine and hydroxyl groups, which act as reactive centers [23] . In acidic solutions, the attraction process with pollutants is increased from protonation of amine groups [24] .
The preparation of a silica network matrix into which the organic components (chitosan and methacrylic acid) are evenly distributed as separate units can lead to the formation of an innovative hybrid material with improved functionality. The use of the full qualities of the organic components allows for the formation of a material suitable for different pollutants/biomolecules.
Silica hybrid materials, modified by addition of chitosan and methacrylic acid organic components were synthesized via the sol-gel method. Characterization of the structure by XRD, FTIR, SEM and DTA/TG analysis was conducted to determine the structural nature of the hybrid material, as well as the influence of the used components.
Materials and Methods

Materials
Tetraethyl orthosilicate (TEOS, 98%, Sigma Aldrich), chitosan (CS, degree of deacetylation 75% -85%, Fluka), methacrylic acid (MA, Fluka), dH 2 O, HCl (37%, Merck) and acetic acid (99%, Sigma Aldrich) were the initial components for preparation of the innovative silica hybrid materials.
Synthesis Procedure
Functionalized hybrid materials based on silicates with participation of organic components (CS and MA) was synthesized via the sol-gel method. The first step of the preparation process is the hydrolysis of the silica source (TEOS) using d H 2 O, and HCl as a catalyst. After mixing the components and stirring with a magnetic stirrer for 1h, a silica sol is obtained. For better distribution and compatibility of CS in the hybrid structure this polysaccharide was dissolved in 1% acetic acid. After complete dissolution (30 min via vigorous stirring), a calculated amount of CS solution was added to the silica sol. Immediately after the addition of CS, an equal amount of MA was added and the solution was stirred for another 30 min. The obtained homogeneous sols were poured onto Petri dishes, where the hybrid material transformed into gels. The realized gels were then dried at room temperature. To establish the compatibility of the used components, and the influence of organic components on hybrid structures, five samples with different organic quantities were synthesized: TEOS/CS/MA = 1:0. 
Structural Characterization
The structural characteristics of the synthesized hybrid materials are crucial in determining their suitability for their intended application. XRD (Brucker D8 Advance; Cu-Kα radiation with scan rate of 0.02 0 .min −1 in 2θ range between 10 0 and 80 0 .) was used to determine the state of the obtained hybrid materials. The specific groups of used components and chemical bonds formed via sol-gel synthesis were observed via FTIR analysis (MATTSON 7000, BRUKER TENSOR 27 Spectrometer, 4000 -400 cm −1 ). SEM (Hitachi SU-70) analysis was used for observation of prepared silica hybrid structures. For understanding the thermal stability of obtained hybrids DTA/TG (Setaram Labsys Tm TG-DSC16, temperature diapason 0˚C -1000˚C, heating rate 10˚C/min) analysis was used.
Swelling Measurement
To establish the influence of the CS and MA organic components on the properties of the synthesized silica hybrid materials their swelling behavior in different media (acidic (1 M HCl, pH = 3) and distilled water (pH = 7) solutions) was analyzed. Obtained silica hybrid materials with known weight (M 1 ) were immersed in the solutions (10 ml) at an ambient temperature for 24 h. Afterwards, the samples were removed, dried and measured again (M 2 ). The weight change percentage (W, %) was calculated according to the Equation (1) :
Results and Discussion
The state of the synthesized hybrid materials was evaluated via XRD analysis. The results (Figure 1) showed presence of wide range peak around 23 2θ and low intensive peak ~12 2θ. Preparation of hybrid materials based on TEOS and using sol-gel synthesis at room temperature lead to the formation of a silica network in an amorphous state. XRD patterns proved the formation of amorphous silica structure with presence of wide range peak around 23 2θ. The organic component chitosan can exist in three different forms-noncrystalline (11.7 2θ), hydrated crystalline (14.2 2θ) and anhydrous crystalline (23 2θ) [25] . The peak around 12 2θ showed that added CS is in amorphous form. The establishment of the structural groups in the obtained hybrid materials via FTIR analysis gives information about the influence of the used preparation technique and component behaviour (Figure 2(a) ). Intensive peaks at 450 and 550, as well as 1090 cm −1 are associated with silica symmetric and asymmetric stretching vibrations, respectively. Presence of characteristic Si-O-Si bonds showed the successful formation of a hybrid material on the silica based of network. Existence of free Si-OH groups associated with the peak at 950 cm −1 are due to incomplete condensation reaction of available silanol units [26] . Free hydroxyl groups play favourable affect on the functionality of prepared silica hybrid materials. Another characteristic peaks for sol-gel synthesis at room temperature are of water molecules and on the FTIR spectra corresponding to the peaks at 1640 and the wide range peak at 3400 cm −1 . Characteristic peaks of used organic components are also observed on FTIR spectra of synthesized hybrids. The peak around 1200 cm −1 is assigned to the asymmetric stretching of C-O-C bridge chain of chitosan [27] . Symmetric deformations of -CH 3 and -CH 2 groups of CS and MA are assigned with the peaks at 1460 and 2980 cm −1 [28] . Existences of characteristic free reactive groups of CS (N-H and -OH) are associated with peaks at 1520 and in the range 3400 cm −1 [29] . Specific C = C group of MA structure is associated with peak at 1640 cm −1 . Functional carboxylic group of synthetic organic component is associated with the peak at 1710 cm −1 [30] . FTIR spectra showed that the synthesized hybrid materials are based on silica network into which the organic components are successfully incorporated. Hydroxyl, carboxyl and amine groups, which were found to be existent in the hybrid structures proved, that the synthesized innovative hybrids can be applied for immobilization purposes or used as protective materials. The free reactive centres allows for interactions with cationic and anionic external moieties. Model structure and possible interactions between the used components of obtained silica hybrid materials is shown on Figure 2(b) .
The structure of the obtained silica hybrid materials was observed via SEM analysis (Figure 3 ). Different structures with varying porosities were obtained as a result of the variation of the compositions of the organic components. The obtained micrographs presented formation of homogeneous materials due to preparation of silica network with pores all over the entire structure as a result of used MA component [31] . The pore size of SiCSMA1 samplel varied between 4 and 10 μm. With an increasing of the amount of organic component, the pore size increased up to 50 μm (SiCSMA5), and their quantity decreased.
The obtained results from SEM analysis posses influence of organic nature on the final structures. The organic components added into the hybrid materials lead to the formation of porous structures with improve functional contact surface area. For preparation of high reactive materials, which can easily attract and interact with external molecules, MA and CS are suitable candidates for that purpose.
The behavior of the obtained hybrid materials during thermal treatment was determined using DTA analysis. TG analysis showed weight loss of the hybrids through the temperature diapason 0˚C -1000˚C. For a better un- derstanding of the influence of CS and MA on the structure and properties of hybrid materials, sample SiCS-MA5 and pure silica were tested (Figure 4) .
DTA thermograph of pure silica sample showed intensive endothermic reaction around 130˚C. The endothermic reaction is correlated to the evaporation of adsorbed and chemically bonded water molecules. This can be proved with drastically weight loss in the temperature diapason 50˚C -200˚C. After 130˚C condensation of silanol units and self-compacting of the hybrid material is observed. Maximum weight loss of pure silica material established from TG analysis is 22%. The obtained weight loss results clearly demonstrated the effect of the preparation technique-sol-gel synthesis at room temperature (Figure 4(a) ).
The DTA/TG curves for sample SiCSMA5 presented intensive endothermic reaction around 105˚C and weight loss 30% (Figure 4(b) ). The reduce temperature of the reaction is associated with addition of organic components in the silica material, which leads to decreasing of the thermal stability. The reaction occurred with lower thermal energy due to the big quantity of organic components. Furthermore, the results presented, that the CS and MA units are located on the hybrid surface and their degradation is favored. Maximum weight loss (30%) is associated with evaporation of adsorbed water molecules and degradation of organic components.
The swelling behavior of the synthesized porous hybrids was tested via weight change percentage (W, %) by immersion in acidic and neutral solutions and the obtained results are presented on Figure 5 . The results of swelling test showed the different behavior of the synthesized hybrid structures by variation of pH.
In acidic and neutral solutions the weight change percent of pure silica is 2.96% and 2.03%, respectively. The weight change of the pure silica presented the low hydrophilicity of the silica network. The attraction of the water molecules activated by silanol groups (Si-OH) kept due to the sol-gel synthesis at room temperature [32] . The addition of organic components led to improving the swelling behavior due to formation of porous materials with improves contact surface area (established via SEM micrographs). Furthermore, the hydrophilic character of the used organic components, as well as functional reactive centers (established via FTIR spectra) improve the contact with the water molecules [33] . Functional carboxylic groups of MA dissociated into COO-anion and H+ cation [34] . Hydroxyl and amine groups of CS, as well as-OH groups bonded with Si atoms also attract the water molecules, as a result of which the weight increase. In acidic media the W values are higher, than these of hybrid weight in neutral solution and can be associated with swelling behavior of CS units into solutions with different pH [35] . In acidic conditions the CS units expanded, as a result of which penetration of water molecules is, favor [36] . In both media the swelling tests presented that with increasing of the organic amount the weight of the hybrid materials also increase. The results showed that the functionalization of silica network (known as hydrophobic material) play important role for further application of the synthesized hybrids [37] . The organic components, which are proven as hydrophilic materials improve the hydrophilicity of the hybrid structures, which plays favorable effect on the interactions with external molecules [38] - [40] . 
Conclusion
Porous hybrid materials with functional surfaces were obtained via incorporation of CS and MA in a silica network. Functionalized silica materials synthesized by the sol-gel technique are amorphous with large surface contact area and exhibit hydrophilicity and thermal stability. The obtained hybrid materials showed good stability in acidic and neutral solutions, where the functional units as free reactive centers can interact with external moieties. The investigations of the structure and properties of synthesized silica/CS/MA materials showed, that these functionalized hybrids can be successfully applied for the immobilization of different biomolecules or as adsorbents of pollutants.
